In order to elucidate the ef fects of 
INTRODUCTION
In recent years, the deterioration of tropical forests has been one of the main environmental factors that cause alterations in the environment. Tropical deforestation is associated with socio-economic conditions. The plantation of fast-growing trees is one of the options for supplying timber and chip, and for mitigating the environmental deterioration caused by deforestation. Additionally, such plantations contribute to carbon sequestration (Reddy, ) . However, there is a concern that clear-cutting and short-rotation harvesting of fast-growing trees may adversely affect soil productivity (Agus et al. ).
S i n c e n a t u r a l s u p p l i e s o f n i t r o g e n ( N ) a n d phosphorus (P) are often the limiting factors in forest ecosystems, these nutrient elements play an important role in tree growth. Ohta ( ) and Ohta et al.
( ) have reported that the available N and P were concentrated in the surface soil in East Kalimantan, and that soil productivity was considerably affected by the deterioration of these nutrients due to soil erosion and deforestation.
Trees take up mineral nutrients from soil. Organic matter is decomposed and mineralized in soil. Soil microbes play an important role in the decomposition process that occurs in soil (Hor wath and Paul, ).
Due to the considerable amount of litter and the high temperature and humidity of the tropical forest soil, the activity of soil microbes is rather vigorous, and the cycling of nutrients through the decomposition of organic matter proceeds rapidly. The turnover time of microbes is to years (Srivastava and Singh, ; Marumoto, ;
Brookes, ); hence, the lifespan of microbes is short.
The nutrients contained in the dead microbes, such as N and P, are rapidly released. Therefore, microbial biomass serves as both a decomposer of organic matter and a nutrient pool in soil (Marumoto, ; Brookes, ) . Since the microbial biomass carbon (MBC) reacts sensitively to environmental changes than the soil total carbon (C), MBC serves as an indicator of the changing trends in soil C (Anderson and Domsch, ; Horwath and Paul, ). Therefore, it is important to investigate the ef fects of environmental changes on microbial biomass when considering the maintenance of soil productivity in tropical forests. In this research, in order to elucidate the effects of short-rotation plantation system on microbial biomass, which are associated with soil productivity, and the effects of planting a legume cover crop on soil productivity, we investigated the microbial biomass and the net N mineralization rate in East Kalimantan in Indonesia.
Based on the results obtained, we have drawn conclusions regarding the ef fects of shor t-rotation harvesting on soil productivity.
MATERIALS AND METHODS
The study sites were located at Sebulu ( ˚ , N− ˚ , N, In the secondar y forest, the ef fects of stand age on microbial biomass were studied before plantation.
Fur ther, these ef fects were studied in −, −, −, −, and −year−old plots of moderately producing yemane plantations and in a plot that was a clear-cut of the −year− old moderately producing yemane plantation.
Next, the effects of mixed planting of legume cover crops were studied in a −year−old coppice plot of the second rotation ( −yr coppice plot), −year−old yemane plantation plot of the first rotation ( −yr plot), mixed plot of −year−old coppice of the second rotation with
Stylosanthes guianensis (SG) (mixed plot), and only SG planting plot (legume plot). These plots along with the adjoining plots were planted for the first time in .
Since the second rotation was mostly coppice, we selected the coppice plot such that it mitigated the workload in this area. forests; therefore, we assumed that the dif ferences associated with the rainy and dr y seasons has little influence on the soil sampling. In this study, the factor of seasonal change was not taken into account because we analyzed net N mineralization under controlled water content; furthermore, our objective was to illustrate the differences in net N mineralization between several plots; hence, the factor of seasonal change was not considered. unclear. The C/N ratios were high in the −yr and clearcut plots ( . and . , respectively; Agus, ).
In soils of the second rotation, the total C ranged from to g·kg − at depths of to cm and from to g·kg − at depths of to cm. The total N ranged from . to . g·kg − at depths of to cm and from .
to . g·kg − at depths of to cm. The difference in the values of total N among the plots was small. The C/ N ratios of the soil sampled at depths of to cm from the −yr and the mixed plots were . times higher than those from the −yr coppice and legume plots.
Microbial biomass in the chronosequence of yemane plantations
The MBC and MBN with regard to stand age are shown in showed a trend of positive correlation (Fig. ) .
The percentage of microbial biomass in the total C and N in yemane plantations
The percentage of MBC in the total C ranged from . % to . %, and no clear relationship with regard to the stand age or soil depth was observed (Table ) . The percentage of MBN in the total N was high in the secondary forest The name of plots are the same as in Table . nd: no data. Values are means (n = ) with standard error. Different letters for the same depth indicate significant difference at P < . using Sceheffe , s test. The name of plots are the same as in Table . Values are means (n = ) with standard error. Different letters for the same depth indicate significant difference at P < . using Sceheffe , s test.
( . %); further, with the exception of the mixed and −yr coppice plots, the percentage of MBN at depths of to cm was higher than that at depths of to cm. The name of plots are the same as in Table . Values are means (n = ) with standard error. Different letters for the same depth indicate significant difference at P < . using Sceheffe , s test. Fig. 4 . N e t N m i n e r a l i z a t i o n r a t e i n y e m a n e plantations of the second rotation (30days).
DISCUSSION
The name of plots are the same as in Table . Values are means (n = ) with standard error. Different letters for the same depth indicate significant difference at P < . using Sceheffe , s test. with the stand age. In future, further investigation of the environmental changes caused by variations in the soil microflora would be necessary.
In the early stages of growth in the −yr coppice plot, it appears that the C/N ratio decreased because of a decrease in the supply of organic matter that is usually provided by the canopy trees and the promotion of decomposition by the increased soil temperature. In the legume plot, the C/N ratio decreased probably because of the decrease in the amount of woody litter and N fixation by root nodule bacteria. There were apparent differences in the C/N ratio among the plots, indicating differences in the microbial activity.
In the mixed plot, it appears that the intensity of 
